TITLE OF THE INVENTION 
EPICYCLOIDAL MOTOR 
BACKGROUND OF THE INVENTION 
[0001] 

(Field of the Invention) 

The present invention relates to the structure of a 
stator core in a compact-sized, high-torque epicycloidal 
motor including a fan motor and disk drive motor. 

[0002] 

(Prior Art) 

To improve the winding space factor, the 
hypocycloidal motor stator is designed in such a 
structure that the stator core is split for each pole, 
and the split cores are connected with one another by 
laser welding, or are press-fit or shrinkage-fit into the 
housing whose inner periphery is cylindrical. This 
structure has been in the main stream. 

[0003] 

However, the stator of the epicycloidal motor is so 
designed that the magnetic pole as its tee (split core 
piece) is arranged in a radial form from the inner 
periphery to the outer periphery, and a magnetic gap with 
the magnet rotor is formed on the outer periphery. This 
makes it difficult to connect one spit core piece with 
another. Further, such a member as a housing cannot be 
press-fit or shrinkage-fit from the outer periphery. This 
has also made it difficult to adopt the split core method 
in an epicycloidal motor stator and winding type direct 
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current motor rotor where stator core is split and 
assembled. 
[0004] 

The prior art on the structure where this 
5 epicycloidal motor stator core is split has been 

disclosed in the Japanese Patent Application No. 2001- 
239142 (Japanese Application Patent Laid-Open Publication 
No. 2003-52139) and Japanese Patent Application No. 2001- 
380830 (Japanese Application Patent Laid-Open Publication 

10 No. 2003-189514). The stator according to these 

Publications is designed in such a structure that the 
stator core of the epicycloidal motor is split into 
multiple parts in the circumferential direction. Each of 
the split core pieces is provided with a concave or 

15 convex portion in a dovetail tenon form on the inner 

periphery. The housing arranged on the inner periphery of 
the split core piece is provided with the concave or 
convex portion fitting with the split core piece. The 
housing is subjected to shrinkage fitting. The dimensions 

20 of the fit portion are determined in such a way that a 

gap for assembling is formed on the fitting portion when 
expanded by heat before shrinkage fit. 
[0005] 

When the split core method of the epicycloidal motor 
25 is used, there is a greater freedom in the motor 

designing than when the conventional integral core is 
used. In the design of a conventional epicycloidal motor 
according to the prior art example, however, 
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consideration has not been given to splitting of the core. 
This has failed to adopt the motor structure optimum to 
the split core. 
SUMMARY OF THE INVENTION 
5 [0006] 

(Problems to be Solved by the Invention) 
In the above-mentioned prior art, use of the split 
core structure for the epicycloidal motor is estimated to 
improve the space factor of the winding, and compact 
10 configuration is considered to be achieved by the 
improvement of torque and heat radiation. However, 
optimization of motor characteristics using a split core 
has not been carried out. There has been no clear 
explanation on the differences in the mechanism for the 
15 occurrence of loss from that of an integral one. Further, 
there has been no reference to the motor structure that 
permits the limit design area to be achieved. 
[0007] 

In the case of an integral core, winding cannot be 
20 wound on the tee slot portion. Accordingly, winding is 
performed by slipping a wire into the slot open groove 
from the tip of the tee i.e. outer periphery, or by 
passing a winding nozzle having a diameter greater than 
that of the wire into open groove of slot inlet. Since 
25 these methods depend on the procedure of slipping of a 

wire, winding tends to be irregular, with the result that 
wires cross each other and space factor is reduced. When 
the winding method based on a winding nozzle is used, it 
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is necessary to secure the portion for accommodating the 
nozzle having a diameter greater than that of the wire in 
the final stage. This leaves a waste gap corresponding to 
that amount, and reduces the winding space factor. 
5 Accordingly, the space factor as a percentage of the 

cross section of the wire including the coasting in the 
area of the slot that permits winding, i.e. the area 
obtained by subtracting the cross section of the 
insulator from that of the slot is 50% or less in the 
10 winding of an integral core. 
[0008] 

The motor using the split core stator where the core 
is split and reassembled allows the winding space factor 
to be improved. Further, winding is performed before 

15 assembling of the split core and stator, and this allows 
desired setting of the slot open dimensions, 
independently of the wire diameter or winding nozzle 
diameter. In the case of the conventional motor, however, 
it has been difficult to carry out evaluation by 

20 tentative creation of a motor having a small gap for 
accommodating the wire. As a result, such motor 
characteristics have not been known. Lack of a database 
has made it impossible to examine the optimum design 
structure of a split core stator motor. 

25 [0009] 

To solve the above-mentioned problems, the object of 
the present invention is to clarify the stator core 
configuration and winding specifications required to 



ensure that the stator produced by assembling the split 
core pieces of an epicycloidal motor exhibits the optimum 
performances, and to provide a high-efficiency compact- 
sized motor. 
5 [0010] 

(Means for Solving the Problems) 

To achieve the above-mentioned object, the present 
invention provides an epicycloidal motor having a stator 
winding conductor wound in the stator core slot, wherein 
10 the ratio of the overall effective area of said conductor 
(including the coating of an insulator, etc.) to the 
effective sectional area of the slot is 0.5 through 0.8. 
[0011] 

This invention improves the space factor or occupancy 
15 rate of the conductor relative to the slot, and reduces 
the copper loss of the motor, whereby improving motor 
characteristics . 
[0012] 

To put it more specifically, in addition to the 
20 above-mentioned ration (0.5 through 0.8), the outer 

periphery of the tee flange is formed in a circular arc, 
and a flat inclination is provided on both ends of the 
outer periphery, where the ratio of the range angle of 
the flat inclination viewed from the stator core center 
25 relative to the range angle of the circular arc viewed 

from the stator core center is 0.2 through 0.75. Further, 
the ratio of the open angle of the slot inlet as the gap 
between the ends of adjacent tee flanges is viewed from 
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the stator core center , relative to the angle in the 
arrangement interval of the tee is 0.04 through 0.3. 
Still further, the ratio of the thickness of the rotor 
magnet in the axial direction along the axial direction 
5 of the rotary shaft of the rotor relative to the 

thickness of the rotor core in the axial direction is 0.6 
through 0.9. Furthermore, residual stress subsequent to 
connection where the adjacent tee bases are pressed 
against each other by connection to the housing does not 

10 exceed 50 MPa. Still further, the ratio of the angle of 
the tee column width as the width of the tee column on 
the end of the outer periphery is viewed from the center 
of the stator core, relative to the angle in the 
arrangement interval of the tee, is 0.18 to 0.34. Still 

15 further, the magnetic pole sensor is located at the 

position shifted by an electric angle of 10 to 20 degrees 
in the direction of current running from the reference 
line extending through the center of the slot. 
[0013] 

20 When the profile of the stator core and 

specifications of the stator winding have been determined 
in the above-mentioned manner, the motor characteristics 
can be maximized. The optimum motor configuration for the 
split core can be achieved by application of the numeral 

25 gained from the result of examining the relationship 
between each parameter of the motor and motor 
characteristics (efficiency) using a method similar to 
robust designing method, in order to determine the 
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profile of the stator core and specifications of the 
motor winding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a drawing representing the basic 
5 configuration of an epicycloidal motor using a split 

stator core as an embodiment of the present invention; 

Fig. 2 is a drawing illustrating the space factor of 
the winding on the stator core of an epicycloidal motor 
as an embodiment of the present invention; 

10 Fig. 3 is a drawing representing the result of 

experiment to examine the relationship between the 
parameter on configuration of the stator core of an 
epicycloidal motor and motor efficiency, as an embodiment 
of the present invention; 

15 Fig. 4 is an explanatory drawing representing the 

differences in tee flange configurations, as an 
embodiment of the present invention; 

Fig. 5 is an explanatory drawing representing the 
result of experiment that shows the relationship between 

20 the ratio of the range angle of the circular arc of a tee 
flange relative to the range angle of a flat inclination 
and the motor cogging torque, as an embodiment of the 
present invention ; 

Fig. 6 is a explanatory drawing representing the 

25 result of experiment that shows the relationship between 
the ratio of the angle in the arrangement interval of a 
tee relative to the open angle of the slot inlet, 
inductance and induced voltage, as an embodiment of the 
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present invention ; 

Fig. 7 is an explanatory drawing representing the 
result of experiment that shows the relationship between 
the ratio of the thickness of the stator core layer of an 
5 epicycloidal motor relative to the length of a rotor 

magnet in the axial direction, as an embodiment of the 
present invention; 

Fig. 8 is an explanatory drawing representing the 
result of experiment that shows the relationship between 
10 the thickness of the stator core layer of an epicycloidal 
motor and motor efficiency, as an embodiment of the 
present invention ; 

Fig. 9 is a explanatory drawing representing the 
result of experiment that shows the relationship between 
15 the end width of the tee column on the outer periphery, 
the angle in the arrangement interval of the tee and 
motor efficiency, as an embodiment of the present 
invention; and 

Fig. 10 is an explanatory drawing representing the 
20 result of experiment that shows the relationship between 
the position of the magnetic pole position sensor and 
motor efficiency, as an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 
25 [0014] 

(Description of the Preferred Embodiments) 
The following describes the preferred embodiments of 
the present invention with reference to drawings: 
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[0015] 

Fig. 1 shows the structure of a basic epicycloidal 
motor stator core as an embodiment of the present 
invention. In this example, the rotor magnet has ten 
5 poles and the stator core has twelve poles. The stator 

core is designed in such a structure that the stator core 
2 of the epicycloidal motor is split in multiple parts in 
the circumferential direction. Each of the split core 
pieces has a concave fitting portion 2a on the inner 
10 periphery, and a cylindrical housing 1 arranged on the 
inner periphery of the split piece is provided with a 
convex fitting portion la that fits into one side of the 
split core. 
[0016] 

15 The following describes further details of this 

stator core: 
[0017] 

The stator core 2 is formed of a combination of 
multiple split core pieces. 
20 [0018] 

Each split core piece becomes a tee as a magnetic 
pole of the stator core. Each tee contains a tee base, a 
tee column extending along the periphery from this tee 
base, and a tee flange extending in the circumferential 
25 direction on both sides of the tip of said tee column. 
[0019] 

The tee column has the same width from the end on the 
inner periphery (tee base side) to the end on the outer 
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periphery (tee flange side). The conductor of the stator 
winding (circular cross section) is wound on the tee on 
the front, with the split core pieces assembled. The 
difference from the integral stator core is that the 
5 conductor can be wound directly around the tee column, so 
it is wound in a regular winding form. Since winding is 
not irregular, the conductor of the stator winding is 
accommodated in a slot in a regular winding form without 
any waste space. 
10 [0020] 

Fig. 1(a) is a perspective view explaining the 
assembling of an epicycloidal motor stator and a housing. 
[0021] 

Assembling is accomplished by connecting between the 
15 tee base of each split core piece and housing 1. A 
dovetail tenon structure is formed on the connection 
between the tee base and housing 1, thereby ensuring 
rigid connection. 
[0022] 

20 The housing 1 is assembled with the stator core 2 by 

shrinkage fitting. Before shrinkage fitting, the 
temperature of only the housing 1 is raised by a heating 
furnace or the similar means. With its temperature kept 
higher than that of the stator core 2, the housing 1 is 

25 fitted to the stator core 2. In this example, the housing 
is made of aluminum as a material characterized by high 
expansion. The housing material is preferred to have a 
higher coefficient of linear expansion than the iron that 
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is the material of the stator core, and to have a 
relatively high mechanical strength. For example, 
aluminum alloy, zinc alloy and magnesium are preferred, 
but the material is not restricted to them alone. The 
5 housing after shrinkage fitting is continued to be 

provided with stress that causes the housing to shrink in 
the inner peripheral direction to be back to the original 
dimension. This has the effect of pulling the split core 
2 toward the inner diameter side. This effect clamps the 
10 cores (adjacent tee bases) so that they press against 
each other. 
[0023] 

The outer periphery of the tee flange of this stator 
core 2 is formed in a circular arc and a flat inclination 
15 is formed on both ends of the outer periphery. This flat 
inclination tends to be closer to the center of the 
stator core 2 as one goes closer to the end. The outer 
periphery of the tee flange has its center formed in a 
circular arc, and a flat inclination is formed on both 
20 ends. 

[0024] 

As shown in Fig. 5, the ratio of the range angle (0 3 ) 
(one side of the flat inclination) of the flat 
inclination viewed from the center of the stator core 2 
25 relative to the range angle (8 2 ) (half the circular arc) 

of the circular arc viewed from the stator core center is 
0.7 through 0.75. Further, as shown in Fig. 6, the ratio 
of the open angle of the slot inlet (8 S ) as the gap 
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between the ends of adjacent tee flanges is viewed from 
the stator core center, relative to the angle in the 
arrangement interval of the tee (61) is 0.04 through 0.3. 
As shown in Fig. 7, the ratio of the thickness of the 
5 stator core in the axial direction along the axial 

direction of the rotary shaft of the rotor (ti) relative 
to the thickness of the rotor magnet in the axial 
direction (t 2 ) is 0.6 through 0.9. Furthermore, as shown 
in Fig. 8, residual stress subsequent to connection where 

10 the adjacent tee bases are pressed against each other by 
connection to the housing does not exceed 50 MPa. Still 
further, as shown in Fig. 9, the ratio of the angle of 
the tee column width (9 t ) as the width of the tee column 
on the end of the outer periphery is viewed from the 

15 center of the stator core, relative to the angle in the 
arrangement interval of the tee (81), is 0.18 to 0.34. 
[0025] 

The following describes the detailed dimensions of 
the split stator core according to the result of 
2 0 exper imen t : 
[0026] 

The following describes the space factor of the 
stator winding on the slot with reference to Fig . 2 : 
Normally, the winding on the stator core is provided by 
25 placing such an insulator as a winding bobbin to cover 

the surface of the tee arranged on the core. In this case, 
the area where winding can be formed (effective sectional 
area) is obtained by subtracting the cross section of the 
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insulator from that of the core slot. It is given by the 
denominator of equation 1. 

[0027] 

[Eq. 1] 

s F N , Jtd 2 / 4 

5 (L, + L 2 ) L 3 /2 

where N: denotes the number of turns. 

Further, the overall effective cross section of the 
winding (including the insulator covering the conductor) 
becomes the one indicated by the numerator of Eq. 1. If 
10 its ratio to the area where winding can be formed is . 

defined as a space factor (S.F.), then calculation can be 
made using the Eq, 1. 

[0028] 

These space factors of winding are reduced when the 
15 conventional integral stator core (non-split core) is 

used. In the integral stator core, winding is performed 
by slipping a conductor (wire) between the adjacent tee 
flanges (i.e. the open groove of slot inlet) or by 
passing a winding nozzle having a diameter greater than 
20 that of the wire into the open groove of slot inlet) . 

Accordingly, the wire cannot be wound directly on the tee 
slot, and winding becomes irregular, with the result that 
wires cross each other and space factor is reduced due to 
increased waste space. 
25 [0029] 

When the winding method based on a winding nozzle is 
used, it is necessary to secure the portion for 
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accommodating the nozzle having a diameter greater than 
that of the wire in the final stage. This increases the 
waste space (gap) corresponding to that amount, and 
reduces the winding space factor. Thus, the space factor 
5 as a percentage of the cross section of the wire (overall 
effective area) including the coasting in the area of the 
slot that permits winding, i.e. the area obtained by 
subtracting the cross section of the insulator from that 
of the slot is 50% or less in the winding of an integral 
10 core. 

[0030] 

Using the method of splitting the stator core, the 
present invention has made it possible to wind a wire in 
a regular form of winding by stacking, as shown by the 

15 slot on the right side of Fig. 2. This is expected to 
provide a high space factor. However, in the case of a 
round wire (a conductor having a circular cross section), 
a gap between wires remains when regular winding is 
formed by stacking, so there is a theoretical limit, 

20 which is about 0.8. 
[0031] 

The actual motor slot contains a gap required for 
assembling between the insulator such as a bobbin and 
stator core, and includes positions having such a 
25 trapezoidal form that wire cannot be mounted thereon, so 
the value is reduced to below 0.8. However, in order to 
reach the theoretical value where possible, the space 
factor is set at 0.8. 
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[0032] 

The winding space factor of 0.5 through 0.8 that 
could not be obtained in the conventional integral stator 
core has been realized , and this ensures a motor 
efficiency higher than that of the integral core, in this 
case, the number of turns and wire diameter vary 
according to the motor speed and current capacity. If the 
number of turns is smaller, the wire diameter is 
increased wherever possible so that the space factor can 
be set within the above-mentioned range. This procedure 
allows the resistance and copper loss to be reduced, and 
provides a highly efficient motor. 

[0033] 

The following describes the motor efficiency: 
[0034] 

Motor efficiency r\ = output (W) /input (W) 

Output (W) = input (W) - loss 

Loss = copper loss + core loss 

Copper loss = I 2 R 

-RocSF (winding space factor) 

The above-mentioned equation shows that copper loss 
is reduced as the winding space factor (SF) is increased, 
with the result that motor efficiency is increased. 

[0035] 

Fig. 3 shows the result of experiment where motor 
efficiency is evaluated by changing conceivable 
parameters. This result of experiment shows the effect of 
each parameter independently of others. The core material 
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of higher grade, i.e. the material considered to have a 
low core loss value , tends to provide higher motor 
efficiency. 
[0036] 

5 The open slot width (open angle at slot inlet) 

exhibits a peak in the result of characteristics; namely, 
the optimum values considered to lie between medium and 
great widths. 
[0037] 

10 To evaluate the tee flange configuration, we have 

picked up three types of configurations shown in Fig. 4, 
and examined them. It has been revealed that higher 
efficiency is obtained by a flat inclination arranged on 
both sides outside the beveling on inner side (inner flat 

15 inclination). It has also been verified that higher 

efficiency is obtained by a greater number of turns and 
greater wire diameter. This suggests that improvement of 
the space factor is synonymous with improvement of 
efficiency. The result of the experiment further shows 

20 that there is a peak in the thickness of the stator core 
stacked in the axial direction, suggesting that the 
maximum value is present. Still further, it has been 
shown that a higher motor efficiency is given by a lower 
residual stress resulting from clamping of the split 

25 cores constituting the stator core, i.e. the tee bases of 
the tees (adjacent tee bases pressing against each other), 
and higher efficiency is provided by greater width of the 
tee column. 
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[0038] 

Since each parameter provides each effect, high motor 
efficiency can be provided by optimization of these 
parameters • 
5 [0039] 

The following describes the further details of the 
high efficiency of a motor: 

[0040] 

The configuration of the tee flange will be shown 
10 with reference to Fig. 5: Fig. 3 shows that the outer 
beveling is effective in improving efficiency, as 
described above. Smaller cogging torque is an important 
factor as one of the characteristics of affecting the 
motor quality. 
15 [0041] 

The open angle 02 at the circular arc of the outer 
periphery when the outer beveling is provided (range 
angle of the circular arc as viewed from the stator core 
center) has been compared with the angle 03 of the flat 
20 inclination (range angle of the flat inclination as 

viewed from the stator core center). Then relationship 
between the ratio and cogging has been examined. 
[0042] 

There is a sudden reduction in cogging torque when 
25 this ratio ranges from 0 to 0.2, and a slow reduction is 

observed as the ratio increases from 0.2. Thus, to ensure 
that the cogging torque is reduced, the ratio of 02/03 is 
preferred to be 0.2 or more. However, if this ratio is 
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too big, it will lead to reduction in the amount of 
magnetic flux entering the magnetic pole. So this ratio 
cannot be increased very much. Thus, the upper limit has 
been determined at the level of 0.75, which ensures the 
5 amount of magnetic flux required to keep the efficiency 
higher than that of the motor having an integral stator 
core. It has been determined that this ratio is preferred 
to be 0.2 through 0.75. 
[0043] 

10 The slot angle (width) at the slot open inlet will be 

described. As shown in Fig. 6, parameters are related to 
the inductance and induced voltage. According to the 
trend given in Fig. 3, it has been determined that the 
maximum value is found in the medium range without being 

15 excessive. According to Fig. 6 representing the 

relationship between inductance and induced voltage, the 
optimum value is found when the ratio of 9s (slot angle at 
open inlet when the gap between the tee flange ends is 
viewed from the stator core center) /81 (angle in the 

20 arrangement interval of the tee) is 0.04 through 0.3. If 
inductance is increased, invalid current will occur to 
torque, resulting in a loss. To avoid this, the 
inductance is set to a small value to ensure a higher 
induced voltage, and this is more effective in allowing 

25 torque to occur. Thus, it is important to keep a good 
balance between the two. 
[0044] 

The thickness tl of the stator core in the axial 
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direction is shorter than the length of the rotor magnet 
in the axial direction. The maximum value in this case is 
obtained when the tl/t2 is in the range from 0.6 through 
0.9, as shown in Fig. 7. The stress in the clamping of 
5 the core (stress where the adjacent tee bases press 

against each other) is necessary for clamping. However, 
if it is excessive, increase in core loss will be caused 
by stress strain. The result of experiment shows that a 
substantial increase of the core loss can be avoided by 
10 setting the residual stress at 50 MPa or less. 
[0045] 

Further, as shown in Fig. 9, high motor efficiency 
can be obtained when the angle 0 X of the magnetic pole of 
the stator core (angle of the tee column width as the end 

15 width of the tee column on the outer periphery is viewed 
from the stator core center) is set within the range from 
0.18 through 0.34 with respect to the pitch angle of 
magnetic pile 8 t (angle in the arrangement interval of the 
tee) . 

20 [0046] 

In addition, when the stator is mounted on the 
control board and the motor is assembled, a rotor 
magnetic pole positing sensor is generally arranged at 
the center of the slot to serve as a switch to change 

25 over the current when the motor is driven. Experiment has 
been made on the assumption that this position also has 
the maximum value. Fig. 10 shows the result. It reveals 
that a high degree of robustness and efficiency can be 
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ensured when the magnetic pole sensor is located at the 
position shifted by an electric angle (0h) of 10 to 20 
degrees in the direction of current running from the 
reference line extending through the center of the slot. 
5 Thus, this positional relationship has been adopted for 
the epicycloidal motor based on a split core. 
[0047] 

As described above, the present invention ensures a 
high level of strength, precision and reliability without 
10 sacrificing the motor performance, and provides an 

economical epicycloidal motor characterized by very small 
cogging torque. 
[0048] 

Further, improved space factor of the winding permits 
15 more compact motor designing. In addition, less heat 
generation of coil and higher heat conductivity are 
conducive to the production of an epicycloidal motor 
characterized by more improved temperature 
characteristics. Since the core is formed in a split 
20 structure, a drastic improvement of the yield from core 
material can be achieved, whereby an economical motor is 
produced at a reduced material cost. 
[0049] 

(Effects of the Invention) 
25 The present invention provides a split core motor 

characterized by excellent motor performances. 



